Results of structural evaluation analysis of pavement using FWD data from route 219 at Saito in Miyazaki Prefecture, Japan are presented. FWD is a dynamic loading device. DSGT, a dynamic analysis method and AASHTO and NIPPO which are static analysis methods, are used for the analysis. Subgrade modulus and effective pavament full depth AC thickness are backcalculated. A potential problem of whether static analysis (mostly used method) or dynamic analysis should be performed on the data is discussed in this paper by looking at the difference of results these two methods give in the analysis of FWD data.
INTRODUCTION
In recent years, as a consequence of decreasing number of new highway construction projects, maintenance and rehabilitation of existing highways have become increasingly important elements in the Pavement Management System (PMS). PMS is an essential decision making support system which in a systematic way integrates all activities related to a pavement system such as; collection, processing and analysis of various types of data, development, planning and scheduling of rehabilitation and maintenance programs and priority ranking of projects for optimum use of resources°.
Road pavements are complex physical structures responding in a complex way to the influence of numerous environmental and load related variables. It is always a demanding task for highway agencies to characterize material properties of existing in-service pavements. Material characterization is important because; it determines whether a pavement structure can adequately accommodate anticipated increase in traffic volume and subsequent increase in traffic loading, it provides input for overlay design when the pavement reaches unacceptable lower level of service and, it helps to develop proper recommendations for rehabilitation and maintenance strategies.
Most highway agencies, for the purpose of analyzing pavement structures, have been performing nondestructive testing (NDT) on pavements. There is a general agreement among highway agencies and researchers as well that, NDT measured surface deflections provide important information for the structural evaluation of the pavement2). The use of deflection data is based on the fact that deflection measurements reflect the strength of the pavement structures as they were constructed without considering how they might have been designed. Further more, deflection measurements account for a number of pavement variables such as thickness, types of material and environment3).
Pavement surface deflection measurements by NDT device, Falling Weight Deflectometer (FWD), have gained wide acceptance because this technique is economical, quick to perform, relatively accurate and causes little disturbances to the pavement system4). Moreover, FWD machine gives a very good simulation of the actual traffic loading effects on the pavement, especially, deflections5). FWD, as a dynamic measuring machine, imparts impulsive load to the pavement and at the same time measures the surface deflections.
Although these tests are carried out quite rapidly in situ, most of the times, in-house data processing are quite tedious and often the final results by various methods are different. Another potential problem is that, although a dynamic load is applied in order to obtain pavement surface deflection in the field, static analysis methods are often used to analyze the data. This may not be acceptable because in many cases, generally, stress and strain distribution as well as pavement response due to dynamic loading can be different from those considered in the static analyses6).
FWD data were analyzed using Dynamic Slab Ground Theory (DSGT), which is a dynamic analysis method developed by one of the authors7). AASHTO and Nihon Hodo Construction Company method, abbreviated in this paper as NIPPO, which are static analysis methods, were also used to analyze FWD data. Results obtained are presented, compared and discussed in this paper.
OBJECTIVE
The objective of this paper is to highlight difference of results obtained by using two different methods of analysis, namely; dynamic and static. The difference significantly show whether it is proper or not to continue applying static analysis methods for structural evaluation of pavement when using FWD data. Deflection data obtained were categorized into two main groups depending on the shape of the deflection basin and the extent the road surface had deflected. The first group showed characteristics which are typical of a weak pavement section with higher deflection values and surface deflected shapes suggesting a poor distribution of the applied load through the pavement structure. The second group showed characteristics which are typical of a relatively stronger pavement section with lower deflection values and surface deflected shapes suggesting a good distribution of the applied load. The first group of deflections, shown in Figure 1 , were obtained from 0-500m stretch while deflections in the second group (see Figure 2) were from the remaining 500-1700m stretch. 
METHODS OF ANALYSIS
(1) GENERAL General overview about the three methods of analysis is as summarized and shown on Figure  3 and Table 1. (2) DSGT method DSGT is a dynamic analytical solution of a slab (full depth asphalt concrete pavement) on the ground, on the surface of which a periodic uniformly distributed load acts. The slab is considered to be in smooth contact with the ground. Timoschenko type slab theory which takes shearing deformation and rotary inertia into consideration is applied to the slab and the ground is considered to be an elastic half space. Deflections of the slab are obtained by combining Mindlin's solution for Timoshenko type slab with the wave propagation solutions for the elastic half space. Southgate8), University of Kentucky in USA, DSGT simultaneously backcalculate both subgrade elastic modulus, E0 and effective full depth AC pavement thickness, TA using equations explained later in this paper.
This is a static analysis method and it is explained in the AASHTO Guide for Design of Pavement Structures. Basically, this method considers a pavement structure as a two layers system and uses FWD deflections in Boussinesq's solution to backcalculate resilient modulus, MR of the subgrade. Thereafter, by using a series of computations , effective structural number, SNeff, of the pavement structure above the subgrade can be calculated . Then, AASHTO specified asphalt concrete layer coefficient when applied on SNeff, TA value will be obtained.
(4) NIPPO method
This method was developed and is being used by Nihon Hodo Construction Company in Japan. It is a multilayer static analysis method, and uses Burmister solution to solve for the pavement layers moduli by making use of FWD deflections . Pavement layers coefficients, which are functions of layers moduli, when multiplied with as-built pavement layers thicknesses at a given point, the sum of the product will give TA value for that given point.
DSGT THEORETICAL ANALYSIS
A computer program written based on DSGT and parts of Kentucky University design procedure for AC pavement was used to generate theoretical pavement deflections as a function of elastic modulus of AC, E1, elastic modulus of subgrade, E0 and full depth AC pavement thickness, TA. Frequencies of loading were taken as 0Hz, for static loading condition and 13.0Hz, which was obtained from Figure 4 . This figure shows the response of a pavement system due to dynamic and static loads. Looking at this figure, it is clear that dynamic and static analysis methods even when used under strict constant conditions are bound to give different final results because their theoretical deflections, which were used in the analysis, can be defined by different types of equation. Figure 5 shows the ratio of theoretical dynamic to static deflections for the range of assumed EO and TA values at constant El. This figure indicates that, as TA increases or EO decreases the deflection ratio decreases. This means that difference between dynamic and static backcalculated values increases as TA increases or EO decreases. And using Japanese standards for pavement thickness for various ranges of traffic levels and EO values10), corresponding ratios of dynamic to static deflections were computed and are shown in Figure 6 .
ANALYSIS OF FWD DATA
Multiple regression analysis was performed on the generated theoretical dynamic deflections, by DSGT, from the point of loading, W0, and the fourth point away from the point of loading, W4, in order to get equations which express deflection as a function of three variables; pavement mean temperature, T, full depth AC pavement thickness, TA, and subgrade elastic modulus, EO. These deflection points were selected after several trials and checks.
The developed regression equations were as follows; (2) NIPPO results presented in Figures 7 and 8 are as submitted to us by the company. According to the method, TA values were calculated using AC layer coefficients with the assumption that, for El value greater than 25500 kgf/cm2, AC layer coefficient was assigned a value equals to 1.0, if the above condition is not true then actual AC layer coefficient was used. Figure 9 shows values of modulus of AC layer, El backcalculated using DSGT and NIPPO methods. Figure 10 shows backcalculated TA values with NIPPO and DSGT values modified by a factor, a obtained by using a relation between modulus of AC, El=25500 kgf/cm2, backcalculated El and TA values. El=25500 kgf/cm2 at 200 C is a value specified in AASHTO guide as a standard condition and was used in this research in analyzing FWD data from Route 219 for the purpose of achieving a common base among the three methods.
The equation used to calculate a , has been used in among others, AASHTO document as an approximate solution of two layers system using one layer theory. The equation used is as follows; (3)
DISCUSSION OF THE RESULTS
The results obtained, especially on the elastic modulus of the subgrade, E0 (see Figure 7) are reasonably well compared for all the three methods. For the case of backcalculated TA values, in Figure 8 , DSGT values are a bit smaller than those obtained using the other two methods, especially, on the 0-500m stretch. This stretch was the one whose FWD deflections data depicted characteristics of a weak pavement structure. Figure 9 , shows well compared results only on 0-500m stretch of the test road section. NIPPO values on 500-1700m stretch are very large as compared to DSGT values. These values, even though they support the theory that the pavement section is relatively stronger, they appear not to be realistic. They are too large. Looking at Figure 10 , TA differences between DSGT and the other two methods are much more clearer throughout the test section, but still, with bigger differences on 0-500m stretch. The findings when grouped together suggest that, even under constant conditions, dynamic and static analyses give different backcalculated TA values for the analysis of FWD data. Moreover, the difference will be bigger if the pavement is weak. This means that the influence of dynamic loading on the backcalculated values between the two methods tends to be larger in a weak pavement section than in a relatively stronger one.
It can generally be said that static analysis tend to overestimate effective full depth AC pavement structure thickness when the results are compared to dynamic analysis results. This overestimation becomes even bigger, when the analysis is on the FWD data from a relatively weaker pavement. The main reason behind the difference is the mere fact that in static analysis inertial effect (radiation damping and resonance) of the pavement structure is not considered. This means, in simple terms, that the effect of the time dependent FWD loading in the pavement system is completely neglected. Simply replacing Young's modulus in the static analysis by the resilient pseudo-dynamic modulus obtained by using FWD deflection is not enough to explain dynamic response of a pavement system4).
CONCLUSION
Results obtained for elastic modulus of the subgrade, EO are reasonably well compared for all the three methods throughout the test road section. But, TA values by DSGT are clearly smaller than those obtained by using AASHTO and NIPPO methods. Figures 8 and 1 have clearly shown that differences will be bigger if the pavement is weak. This means that the influence of dynamic loading on the backcalculated values using dynamic and static analyses tends to be larger in a weak pavement section than in a relatively stronger one. Backcalculation result depends on, among other things, layer thickness, material stiffness and NDT device operating frequency of loading. In which case for example, if NDT device operating frequency of loading is close to the pavement system natural frequency, a much different pattern of deflections will result and hence bigger difference of results between the two methods of analysis may happen.
It is therefore recommended herein that dynamic analysis should be used to analyze pavement structural capacity in case FWD data are used.
It has not been possible to derive any simple or otherwise relation between dynamic and static analyses.
